Bacilli
The basic shape of a bacillus (rod-shaped bacterium; plural bacilli) is round-ended cylinder. Bacilli typically are solitary but may associate to make some other forms including diplobacilli, streptobacilli, and palisades. [5] Diplobacilli consist of two bacilli organized side by side with each other. Streptobacilli are bacilli organized in chains. Coccobacilli are oval and resemble to cocci (round bacteria). [5] 
Spiral bacteria
The third major bacterial cell morphology is spiral form. [6, 7] Spiral bacteria may be categorized as vibrios, spirilla, or spirochetes (helically twisted cylinders) considering the number of coils per a cell as well as motility, density, and elasticity of the cells.
Other forms
There are some other forms of bacteria such as selenomonads (cylinders curved in one plane) and uncommon square shapes. Bacteria may also appear as tetrads, staphylos, diplos, palizadas, streptos, and so on.
varIatIon In the shape of mycobacterium tuberculosis Analysis of the shape of Mycobacterium tuberculosis through atomic and electron microscopes has shown that the bacillus does not constantly appear in the typical rod shape, it can be appear in other forms including granular rod, round, Y, V, ovoid, and club shapes. [8] The most classical form of M. tuberculosis is a slender rod shape that seen in stained smears. However, the bacilli can also be in round form. The number and size of round bacilli are variable in different growth condition [ Figure 1 ].
Formally, the V-forms of M. tuberculosis arise by any of three methods; (i) germinating of adjacent coccoid elements, (ii) subpolar germination (budding) of rods, and (iii) snapping postfission movements. Figure 2 shows the V-shape M. tuberculosis recorded by height mode of atomic force microscopy (AFM). In tubercle bacilli, during septum formation, the plasma membrane and inner cell wall grow inward, but the outer cell wall layer remains intact. On completion of septum formation with a cross wall, the inner layer may continue to grow and thus exert pressure upon the outer cell wall layer. The outer layer eventually ruptures first on one side of the cell, and the two daughter cells bend in on the side where the outer layer is still intact forming a "V-form" [ Figures 2 and 3 ].
morphologIcal plastIcIty
Morphological plasticity of bacteria is a mysterious phenomenon, by which microorganisms gain adaptive advantages for growing and dividing in different circumstances. [9] In the case of M. tuberculosis, there are some forms that are seen occasionally under stress or environmental conditions which are round, oval, ultra-virus, spore-like, and cell wall defiant or L-forms. [8, 10] Dividing M. tuberculosis cells display a greater morphological diversity than is generally regarded. They may appear as an elongated L-form shape also. [8, 10] Figure 4 shows elongated L-shape M. tuberculosis in exponential phase. Figure 5 represents variable shapes of tubercle bacilli in exponential phase recorded by AFM. The shape can be L-form, round, and rod shapes.
L-form bacteria
As it was mentioned above, bacteria can transform into a diversity of shapes during their natural life cycle. In this aspect, bacteria may transform to L-form as a phase of bacteria that have not cell wall (or have a deficient cell wall) and are very small. L-forms are involved in a diversity of infections. L-forms belong to a metagenomic microbiota associated with chronic disease. Hence, they have been the topic of a great deal of investigation by the medical research community. [11] Up to now, over 50 various species of bacteria able to change into the L-form have known. It is believed that a large number of bacteria could be transformed into L-forms if they treated with the antibiotics that prevent cell wall synthesis. Bacillus anthracis, Helicobacter pylori, Borrelia burgdorferi, M. tuberculosis, Rickettsia prowazekii, and Treponema pallidum have been identified to transform into L-form pathogens involved in chronic infections. [11] Overall, bacterial species with deficient cell wall are not destroyed by routinely utilized antibiotics. By applying a beta-lactam antibiotic (e.g., penicillin) to a culture of wild-type bacteria on a plate, little colonies of L-form bacteria form on the edges of the Petri dish. [11] It is illustrated that L-form bacteria duplicate in different approaches such as binary fission, budding, and filamentous growth. [11] In the host bloodstream, classical shapes of pathogenic bacteria may be found. However, L-form bacteria could effectively enter and contaminate many cells of host immune system. The role of immunity cells is destroying of bacteria. Therefore, once inside white blood cells (specifically macrophages), bacteria can no longer be identified by the host immune system and are capable to persist in the body over long periods of time. [12, 13] In the case of M. tuberculosis, we studied its elongated L-shape using AFM. [14] Figure 4 represents elongated L-shape M. tuberculosis in the exponential phase. Dividing M. tuberculosis cells display a greater morphological diversity than is generally regarded. They may appear as an elongated L-form shape also.
Factors that induce morphological plasticity
As it was mentioned above, bacteria have a number of options to select their shapes. Some circumstantial signals were known to motivate shape plasticity, but the principal molecular reactions are mainly unidentified. However, bacteria assume one shape over another that is guided by a number of elements. For example, to uptake more nutrient in poor-nutrient conditions, bacteria may increase surface area-to-volume ratio resulting in increasing in diffusion of nutrients. Another factor that may influence the bacterial shape is motility. For this reason, flagella are localized at one end of the rod and host proteins are recruited to form actin tail. Attachment to surface by localized adhesion proteins and structures, symmetrical division of chromosomal elements to increases the probability of accurate division of cells, and localization of complex secretion apparatuses are other factors that affect the shape of bacteria. [7] factors that regulate and Keep the BacterIal shape
The role of peptidoglycan in regulation of cell shape
The main factor that keeps bacterial shape is the cross-linked glycan plexus of peptidoglycan that encloses most bacteria. The peptidoglycan isolated from Escherichia coli in shape maintenance has been confirmed to maintain the rod-like shape of the bacterium even in the lack of all other substances. [15] Moreover, researchers showed that treatment of bacteria with lysozyme, the agent that degrades peptidoglycan, leads to conversion of the rod-shaped bacteria to round cells. [16] Other reports demonstrated that hereditary (genetically) shape and size can also control shape and size of bacteria. Therefore, existing peptidoglycan may not simply govern the shape and size.
The role of cytoskeleton in determination of cell shape
Cytoskeletal proteins have a key role in determination of cell shape in eukaryotic cells. Recently, some cytoskeleton-like proteins involved in cell polarization, DNA separation, sporulation, and shape regulation have been discovered in bacteria.
Tubulin-like protein FtsZ was the first cytoskeleton protein discovered in bacteria, deficiency of which in bacteria caused long thread-like cells. [17] FtsZ hydrolyzes GTP to form filaments and construct a ring assembly at the mid-belt of bacterial cells. [18] Moreover, to produce particular cell morphology, FtsZ might control the production and localization of peptidoglycan in a stable manner. [19] In a mechanism that is found uniquely in M. tuberculosis, proteins FtsZ and FtsW interact directly to make an association mediated through cytoplasmic tails. [20] Therefore, FtsW might have a significant role in M. tuberculosis.
An intermediate filament-like protein, called CreS, is recently
found in bacterium Caulobacter crescentus. The protein involved in regulating the specific shape. [21] There is no report for the existence of intermediate filaments in tubercle bacillus.
In recent years, actin-like cytoskeletal proteins including MreB, ParM, and MamK have received high attention to study. [18] MreB involves in regulating cell shape and forms microfilament-like spiral filaments near the inner side of cell membrane. Both Mbl and MreBH proteins are significant to make rod shape for Bacillus subtilis by recruiting peptidoglycan-synthesizing enzymes. A large number of coccoid-shaped bacteria (e.g., Staphylococcus, Streptococcus, and Lactococcus) do not have MreB, signifying that the protein is mainly essential for bacteria owing more complicated forms. ParM is shown to include in DNA partitioning and MamK may contribute to organelle positioning. [18] mIcroscopIc anatomy of mycobacterium tuberculosis
In 1874, the first Mycobacterium was isolated by Hansen and called Mycobacterium leprae. The discovered bacterium has been resistant against all efforts to cultivate it in vitro. Eight years later, Koch discovered the tubercle bacillus M. tuberculosis. [22] The effective staining models of Ehrlich (1887) [23] and Ziehl (1883) [24] confirmed the Koch discovery. M. tuberculosis seems as straight or slightly curved rods under light microscope. Growth conditions and age of the cells can influence on the shape and size of the pathogen in a range from coccobacilli to long rods. The length of the bacilli have been reported to be 1-10 µm in length (typically 3-5 µm) and their width is 0.2-0.6 µm. In few studies, the probability of morphological variations in the shape of M. tuberculosis has been discussed. [25] [26] [27] [28] [29] [30] The researchers showed that under unsuitable conditions including starvation or oxygen deprivation, tubercle bacillus assumed a swollen shape without making the vacuolar or globoid bodies. [30] These first reports were based on stained preparations and criticized frequently. [31] Nowadays, it is revealed that M. tuberculosis is a metabolically flexible pathogen. [32] [33] [34] The pathogen is both prototrophic (because it can make all its nutrients from basic carbon and nitrogen sources) and heterotrophic bacterium (since it can utilize already synthesized organic nutrients as a source of carbon and energy). Tubercle bacilli has a remarkable capacity to adjust to environmental alterations throughout the course of infection. [35] [36] [37] [38] [39] [40] The physical circumstances and nutritional feature will control the temporary lifestyle of the pathogen. The mentioned environmental variations include lack of nutrient, hypoxia, amount of heat, PH, salinity, and different extracellular stress situations. [30, [41] [42] [43] [44] [45] [46] [47] [48] [49] Certainly, in most of the cases, we do not know if shape changes beneficial, because few experiments have addressed the question. Knowledge of the physiology of M. tuberculosis during this process has been limited by the slow growth of the bacterium in the laboratory and other technical problems such as cell aggregation. Recent advances in microscopy techniques have revealed adaptive changes in size and shape of bacilli under stress conditions. [45, 46, [50] [51] [52] [53] [54] Briefly, the reported morphological variation in M. tuberculosis are classified into two categories; those which frequently seen at exponential phase of growth that is rod, V, Y-shape, branched or buds and those that are seen occasionally under stress or environmental conditions which are round, oval, ultra-virus, spore-like, and cell wall defiant or L-forms. [8, 55] Financial support and sponsorship Nil.
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